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Summary 
This study deals with land use and land cover 
changes for a 33 years period. We assessed these 
changes for eight land cover classes in the south of 
Benin  by  using  an  integrated  multi-temporal 
analysis using three Landsat images (1972 Landsat 
MSS, 1986 Landsat TM and 2005 Landsat ETM+). 
Three scenarios for the future were simulated using 
a first-order Markovian model based on annual 
probability  matrices.  The  contribution  of  tree 
plantations  to  compensate  forest  loss  was 
assessed. The results show a strong loss of forest 
and savanna, mainly due to increased agricultural 
land. Natural woody vegetation (“forest”, “wooded 
s a v a n n a ” a n d “ t r e e a n d s h r u b s a v a n n a ” ) w i l l 
seriously decrease by 2025 due to the expansion of 
agricultural  activities  and  the  increase  of 
settlements.  Tree  plantations  are  expected  to 
double by 2025, but they will not compensate for 
the  loss  of  natural  woody  vegetation  cover. 
Consequently, we assist to a continuing woody 
vegetation  area  decrease.  Policies  regarding 
reforestation  and  forest  conservation  must  be 
initiated  to  reverse  the  currently  projected 
tendencies.
Résumé
Les  plantations  forestières ne compenseront 
pas les pertes de végétations naturelles boisées 
dans le Département de l’Atlantique au sud du 
Bénin 
La  présente  étude  traite  des  processus  de 
changements d’occupation et d’utilisation du sol sur 
une durée de 33 années. Ces changements ont été 
évalués pour huit classes d’occupation du sol au 
sud  de  Bénin  à  partir  d’une  analyse  multi-
temporelle de trois images satellitaires de type 
Landsat MSS 1972, Landsat TM 1986 et Landsat 
ETM+2005. Trois scénarii ont été simulés à partir 
d’une chaîne de Markov de premier ordre basée 
sur des matrices de probabilité. La contribution des 
plantations forestières en vue de compenser les 
pertes de végétation naturelle a été évaluée. Les 
résultats  indiquent  une  perte  importante  des 
végétations  naturelles  boisées  (“forêt”,  “savane 
boisée”  et  “savanes  arborée  et  arbustive”), 
principalement  due  à  une  augmentation  des 
superficies  agricoles.  Les  végétations  naturelles 
boisées  seront  drastiquement  réduites  jusqu’en 
2025 au profit des exploitations agricoles et des 
habitations. Les plantations forestières pourraient 
doubler  leur superficie en 2025, mais elles ne 
pourront pas compenser les pertes de végétation 
naturelle boisée. Par conséquent, on assistera à 
une  dégradation  constante  des  végétations 
naturelles    boisées.  Des   politiques de développe-
ment  durable  basées  sur  le  reboisement  et  la 
conservation des forêts doivent être initiées en vue 
d’inverser les tendances actuelles. 
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Introduction
Demographic pressure, urbanization and traditional 
shifting  agriculture  are  the  main  causes  of 
landscape changes which may have a long-term 
impact  on  sustainable  food  production,  forest 
resources, climate and hence, human welfare (3, 
10,  19,  25).  The  Atlantic  Department  in  Benin 
constitutes an important agricultural and economic 
centre.  This  situation  reinforces  the  annual  net 
decrease in vegetation cover area estimated at 2.5 
% (18). Is reforestation initiated by the government 
able  to  compensate  this  alarming  degradation? 
Since this is still an open question, the assessment 
of changes occurring in land cover is an important 
issue  enabling  the  improvement  of  the 
management of the ecosystems and their services 
(26).
Land use and land cover change analysis, using 
satellite  imagery  and  geographic  information 
systems (GIS) is a basic tool in assessing the 
environmental consequences of human activity (6, 
11,  16).  In  this  study,  land  cover  is  the  bio-
geophysical  state  of  the  Earth’s  land  surface 
including biota, soil, topography and other aspects 
focusing on the conversion of one land cover class 
into  another  (33).  Land  use  involves  the 
mechanisms  by  which  the  bio-geophysical 
attributes of a land are changed (34). To assess the 
possibilities  for  natural  vegetation  conservation, 
future  scenarios  are  explored  using  a  Markov 
model (7). This study aims to use satellite imagery 
and GIS analysis to quantify landscape changes 
from  1972  to  2005  and  to  predict  land  cover 
changes till the year 2025. 
Methods 
Study area
The south of Benin (Atlantic Department) is located 
within the Region of Interest (ROI) between 6°25’- 
7°00’N and 1°30’- 2°36’E (Figure 1). Ferrallitic soils 
of red hue represent the most frequently occurring 
soil  type.  The  Guinean  vegetation  types  with 
varying land cover categories characterize this ROI 
(2). Agriculture is the main activity in this ROI which 
also represents nearly 60% of the population and 
hence undergoes a strong anthropogenic pressure 
(18). 
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Figure 1 : Location of the study area in the southern part of Benin, Atlantic Department.TROPICULTURA, 2013, 1, 62-70
Data acquisition and image analysis 
Three images of Landsat Multi-Spectral Scanner 
(MSS, 1972), Landsat Thematic Mapper (TM, 1986) 
and  Landsat  Enhanced  Thematic  Mapper  Plus 
(ETM+,  2005)  were  processed  (12).  Acquisition 
took  place  during  the  dry  season  to  minimize 
variations in vegetation phenology. The 13 classes 
obtained after an unsupervised classification (10) of 
the 2005 image using the ISODATA algorithm of the 
ENVI 4.1 software, were merged into 11 classes by 
visual  interpretation  based  on  local  expertise, 
radiometric characteristics and existing vegetation 
maps. 
From the 2008 National Forest Inventory database, 
we adopted eight classes: forest, wooded savanna, 
tree and shrub savanna, degraded savanna, tree 
plantation, agroforestry oil palm plantation, field and 
fallow  and  settlement  (including  bare  soil  and 
roads). We added three classes: swampy meadow, 
water  surface,  and  a  class  representing  cloud 
cover ; the latter was excluded for further analysis 
to avoid bias. In addition, swampy meadow and 
water surface were excluded for the good of the 
study.  To  assess  classification  accuracy,  586 
reference points were chosen using a stratified 
sampling scheme. 
A confusion matrix and a Kappa coefficient (κ) were 
established (14). The 2005 image was assessed for 
accuracy, assuming that similar patterns hold for 
the classification of the other Landsat scenes. The 
spectral features obtained after this classification 
were used to classify the 1972 and 1986 images 
using the Maximum Likelihood Algorithm. 
Land use change analysis 
The  classified  images  were  incorporated  into 
ArcGis 9.3 software for change assessment. To 
allow a comparative analysis between dates based 
on the same area and to avoid bias, a mask was 
g e n e r a t e d t o e l i m i n a t e t h e c l a s s e s “ n o d a t a ” ,  
“swampy meadow” and “water surface” (23). The 
resulting remaining area is 2494.80 km² for further 
analysis. The changes concerned: vegetation cover 
loss  (from  forest  to  the  other  classes,  from 
savannas to plantations or fields or from tree to 
shrubs, to weed and to settlements); vegetation 
regeneration (pathways of change which flow in the 
opposite case of loss) and unchanged. Three maps 
were generated: from 1972 to 1986, from 1986 to 
2005 and from 1972 to 2005. A minimum mapping 
unit of 490 m² was applied using the “Dissolve by 
area” function of Arcview 3.2 to homogenize the 
precision  of  the  maps.  To  quantify  land  use 
changes between two dates, a change rate (Cr) 
was calculated for each land cover class : 
Cr=
A2−A1
A1
×100 (I)
where  A1  and  A2  are, respectively, the initial and 
final land cover area. Positive values of Cr indicate 
an increase of class area and negative values 
indicate a loss. Transition matrices were elaborated 
with the information of classes to describe land use 
changes (31).
Scenarios for the future
Transition matrices were standardized to obtain an 
annual probability matrix P. The area proportions of 
classes during the initial year were put in a state 
vector  MA(t).  By  considering  land  cover  as  a 
stochastic process (29) and its changes as states of 
a Markov model (21, 36), the proportion that can be 
reached at a given time t+1 by the first-order model 
is MA(t) x P= MA(t+1).
Three different scenarios are developed for the 
period 2006-2025. The first scenario assumed that 
the changes observed for the period 1972-1986 
would  occur  unaltered  until  2025.  The  second 
scenario assumed that the probabilities recorded 
for the period 1986-2005 were sustained. The third 
scenario  assumed  that  the  long-term  change 
probabilities of change would be those recorded 
from 1972 to 2005. The accuracy was assessed by 
testing the model with data not used to construct it 
(21). Hence, the area proportions expected from 
the model for 2005, based on the (1972-1986) 
scenario are compared with those of the 2005 map. 
The proportions expected for 1986 based on the 
(1972-2005) scenario are compared with those of 
the 1986 map. The χ
2 test was used with (m-1) 
degrees of freedom at a threshold of 5% and  m 
equal to the number of land cover classes (7). 
Results 
Landscape composition
The confusion matrix of the 2005 image (Table 1) 
and κ= 79.6% are acceptable for the analysis of the 
land  cover  classes  (30).  The  landscape 
composition  (Table  2;  Figure  2)  shows  that 
agricultural  lands  (“Field  and  fallow”  and 
“Agroforestry oil palm plantation”) predominate in 
1986 and 2005 (60.2% and 59.8% of the total area 
respectively). Natural woody vegetation (“Forest”, 
“Wooded savanna” and “Tree and shrub savanna”) 
record 49.4% of the total area in 1972 but are minor 
classes in 2005. The land cover class “Wooded 
savanna” disappeared from the landscape in 2005, 
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giving  the  way  to  “Degraded  savanna”.  “Tree 
plantation” occupies 10.7% in 1972 and 26.4% of 
the total area in 2005.
Land cover change 
Table 3 shows the transition matrices for the three 
periods.  Numbers  represent  landscape  fractions 
persisting within a given category (values on the 
diagonal) or undergoing transformation to another 
class. Classes are ordered along a gradient of 
increasing  anthropogenic  impact  so  that  values 
under  the  diagonal  represent  vegetation 
regeneration and those above it vegetation cover 
loss.  Whatever  the  period  considered,  natural 
woody vegetation is to a large extent converted into 
“Tree plantation” and into agricultural land which 
increase  significantly.  Regeneration  occurs  to  a 
lesser extent as shown in figure 3. 
Model validation and scenarios for the future
The  χ
2 test for the comparison of observed and 
simulated proportions for 1986 and 2005 did not 
show  significant  differences  (χ
2<14,07;  p>0,05). 
Hence,  the  model  can  be  applied  to  assess 
scenarios of which the dynamics (1972-1986; 1986-
2005 or 1972-2005) hold for the future (Figure 4). It 
is important to emphasize the specific case of the 
2005 data in this figure where  values are those 
really  observed  in  the  image.  We  make  this 
exception for the year 2005 to bring out the fact that 
“Wooded savanna” is absent from the landscape in 
this year.
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Table 1
Confusion matrix for the classification accuracy assessment (Atlantic Department, Benin, Landsat ETM+ 2005 image). All the 
values are expressed in percentage of the total number of pixels.
Classification
Forest
Forest 61.23 0.00 3.45 8.17 6.70 3.45 6.54 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10.44 0.00 83.41 0.88 1.87 0.00 1.02 0.00
17.24 0.00 6.32 83.24 2.96 3.61 5.52 0.00
9.06 0.00 2.29 3.09 82.70 1.30 2.04 0.00
0.00 0.00 0.00 0.00 0.11 90.36 2.87 0.00
2.06 0.00 4.57 3.75 5.41 1.41 75.86 3.63
0.00 0.00 0.00 0.00 0.00 0.00 2.07 96.66
Ground truth 
Wooded 
savanna
Tree and 
shrub 
savanna
Degraded 
savanna
Tree 
plantation
Agroforestry Oil 
palm plantation
Field and 
fallow
Settlement
Wooded savanna
Tree and shrub 
savanna
Degraded savanna
Tree plantation
Agroforestry oil palm 
plantation
Field and fallow
Settlement
Table 2
Landscape composition in 1972, 1986 and 2005 (Atlantic Department, Benin) and change rates for 1972-1986, 1986-2005, 
and 1972-2005. Values are expressed in area (km²) and in percentage of the total landscape area.
Change (%)
1972 1986 2005
1972-1986 1986-2005 1972-2005
km² % km² % km² %
Forest 184.23 7.38 81.96 3.29 14.81 0.59 -55.51 -81.93 -91.96
391.92 15.71 211.16 8.46 0.00 0.00 -46.12 -100.00 -100.00
655.53 26.28 286.59 11.49 158.99 6.37 -56.28 -44.52 -75.75
0.00 0.00 0.00 0.00 43.60 1.75 - - -
266.12 10.67 308.68 12.37 659.42 26.43 15.99 113.63 147.79
446.90 17.91 1035.63 41.51 827.48 33.17 131.74 -20.10 85.16
509.17 20.41 465.41 18.66 664.96 26.65 -8.59 42.88 30.60
40.93 1.64 105.38 4.22 125.53 5.03 157.46 19.12 206.69
Land cover classes
Years
Wooded savanna
Tree and shrub savanna
Degraded savanna
Tree plantation
Agroforestry oil palm plantation 
Field and fallow
SettlementTROPICULTURA, 2013, 1, 62-70
In fact, the simulated values of “Wooded savanna” 
in 2005 (1.6%, 0.9% and 1.6% respectively for the 
dynamics 1972-1986; 1986-2005 and 1972-2005) 
show its presence to some extent. Apart from this 
exception for the year 2005, the simulation normally 
takes its course, hence the similarity between the 
2004 and 2006 data. 
Assuming a persistence of the landscape dynamics 
recorded for the period 1972-1986, natural woody 
vegetation would lose 40.3% of the landscape area 
by 2025 while “Tree plantation” would gain only 
1.2% of the total area. If the dynamics recorded for 
1986 to 2005 were to hold, the natural woody 
vegetation would lose 16.4% of the ROI area while 
“Tree  plantation”  would  gain  11.8%  by  2025. 
Natural woody vegetation would lose 36.2% of the 
total area while “Tree plantation” would gain 10.9% 
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Figure 2:Land-cover maps of the study area (Atlantic Department, Benin) for 1972, 
1986 and 2005 and based upon Landsat images. The land cover class 
corresponding to “No data” was excluded from the land use/land cover 
analysis to avoid bias; “Swampy meadow” and “Water” areas were not 
included in the change analysis in order to enable comparison of the three 
maps. 
Figure 3:Land-cover change maps for the periods 1972-1986, 1986-2005 and 1972-2005 
based on three Landsat images (Atlantic Department, Benin). The maps indicate 
which areas undergo cover loss, which are characterized by regeneration or which 
stay unchanged.TROPICULTURA, 2013, 1, 62-70
by 2025 if the dynamics recorded from 1972 to 
2005 were to continue. Whatever the dynamics 
considered, woody areas would lose more than 
“Tree plantation” could gain by 2025. 
Discussion
Our results show a significant natural vegetation 
cover loss from 1972 to 2005, due to the increase 
of  agricultural  land  area.  This  tendency  was 
observed in other regions of Africa as well (6, 8, 10, 
28). The extensions of villages and road networks, 
inappropriate  agricultural  practices  and  wood 
extraction have a significant impact on this area 
loss (5, 9, 15, 37). The loss of natural woody area 
has negative implications on the environment (loss 
of  biodiversity,  increased  emissions  of  carbon 
dioxide to the atmosphere and impacts on climate 
and  soil)  as  well  as  on  economy  and  society 
welfare (1, 17, 24). The specific case of natural 
woody vegetation cover loss into “Tree plantation” 
is the result of complex processes. In fact, the 
Forestry  Administration  and  other  landowners 
intensify  agroforestry  planting  activities  to 
compensate for woody cover losses. However, the 
“Tree  plantation”  class  cannot  replace  the 
ecosystem services provided by natural forests (7). 
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Table 3
Transition matrix for the areas (in percent) of the land cover classes for the three time periods observed (1972-1986, 1986-
2005, 1972-2005). Each value of the table corresponds to the fraction of the landscape converted within a period. Values on 
the diagonal denote class proportion stability during the period analyzed (Atlantic Department, Benin).
Fo = Forest; Ws = Wooded savanna; Ts = Tree and shrub savanna; Ds = Degraded savanna; Tp = Tree plantation; Op = Agroforestry 
oil palm plantation; Ff = Field and fallow; Se = Settlement.
1986
Ts Op Se
1.79 1.43 0.77 0.00 0.78 0.92 1.62 0.07
0.41 4.16 0.36 0.00 1.29 6.75 2.53 0.22
Ts 0.84 2.26 9.55 0.00 2.09 9.50 0.96 1.08
1972 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.16 0.11 0.16 0.00 7.26 2.63 0.32 0.02
Op 0.02 0.20 0.23 0.00 0.68 16.11 0.49 0.19
0.07 0.30 0.42 0.00 0.27 5.57 12.73 1.05
Se 0.00 0.00 0.00 0.00 0.00 0.03 0.01 1.59
2005
Ts Op Se
0.35 0.00 1.00 0.04 0.29 0.42 1.13 0.06
0.03 0.00 1.18 0.56 4.57 0.55 1.43 0.15
Ts 0.00 0.00 2.73 0.18 4.52 0.38 3.40 0.27
1986 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.05 0.00 0.42 0.20 6.35 2.22 3.10 0.04
Op 0.15 0.00 0.55 0.42 7.92 27.53 4.50 0.43
0.00 0.00 0.39 0.35 2.71 2.01 12.68 0.51
Se 0.01 0.00 0.09 0.00 0.09 0.06 0.40 3.58
2005
Ts Op Se
0.17 0.00 1.06 0.38 1.68 1.36 2.61 0.13
0.10 0.00 0.65 0.21 6.92 5.03 2.54 0.24
Ts 0.12 0.00 3.80 0.59 6.85 10.10 3.40 1.42
1972 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.05 0.00 0.23 0.09 5.68 1.96 2.63 0.03
Op 0.07 0.00 0.33 0.21 2.62 11.29 2.99 0.40
0.08 0.00 0.30 0.26 2.67 3.42 12.46 1.22
Se 0.00 0.00 0.00 0.00 0.01 0.01 0.03 1.59
Fo Ws Ds Tp Ff
Fo
Ws
Ds
Tp
Ff
Fo Ws Ds Tp Ff
Fo
Ws
Ds
Tp
Ff
Fo Ws Ds Tp Ff
Fo
Ws
Ds
Tp
FfTROPICULTURA, 2013, 1, 62-70
The scenarios of the future show an increase in 
agricultural land while natural woody vegetation 
declines. “Tree plantation” would double its area by 
2025. However, the significant increase in “Tree 
plantation”  cannot  compensate  for  the  natural 
vegetation cover losses, whatever the base period 
selected  for  the  model.  Forest  conservation, 
sustained  reforestation  and  participative 
management  are  therefore  crucial  to  preserve 
biodiversity and other services   from (natural) forests 
(27). 
Landsat imagery is useful in the identification of 
land  cover  classes  despite  their  relative  low 
resolution.  Our  study  provides  an  integrated 
approach with a detailed multi-temporal analysis, 
useful in evaluating the current dynamics in the 
study area. In figure 4, the actual data of 1972, 
1986  and  2005  are  given  together  with  the 
simulated  data for the years  in between  them. 
Therefore, the year 2005 looks rather exceptional 
when compared to the adjacent years. 
Nevertheless, the coherent smooth trends suggest 
indirectly the validity of the simulations. It should be 
noted, however, that the determination of annual 
transition probabilities remains subject to debate 
(32).
The first-order Markov model used is based on the 
hypothesis  that  variable  and  potential  factors 
influencing landscape dynamics remain unaltered 
for the periods 1972-1986, 1986-2005 or 1972-
2005.  This  hypothesis  assumes  that  transition 
matrices are stationary (21). In fact, the results of 
simulation show that the loss of “Wooded savanna” 
is progressive in the landscape, contrary to the 
reality observed in the 2005 map where this class 
completely  disappears.  In  addition,  first-order 
Markov models do not take into account the history 
of land cover change, moreover, such models are 
not spatially explicit (4, 20). 
Spatially explicit models must be used in the future, 
which take socio-environmental variables (such as 
demographic data) into account to reach a better 
understanding  of  the  causes,  locations  and 
pathways of observed and simulated vegetation 
dynamics (35). Nevertheless, the first-order Markov 
model is useful for an exploratory analysis and to 
depict  contrasting  scenarios.  Furthermore,  its 
limitations are well understood (7, 13, 22). Overall, 
the trends observed did provide precise information 
on land cover changes. 
Conclusion
Through a detailed analysis of land use and land 
cover  change  from  1972  to  2005,  landscape 
dynamics  were  assessed  in  the  Benin  Atlantic 
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Figure 4: Simulation of the evolution of land-cover classes within the study area (Atlantic Department, Benin) under three future 
scenarios. 1972, 1986 and 2005 data are observations (resulting from image analysis); the other ones are simulated. The 
three scenarios are based on a first-order Markov model of land-use dynamics: (a) dynamics observed from 1972 to 1986 
hold until 2025; (b) dynamics observed from 1986 to 2005 persist in the 2006-2025 period, and (c) dynamics observed for the 
whole period (1972-2005) hold in the 2006-2025 period. TROPICULTURA, 2013, 1, 62-70
Department, using Landsat imagery and GIS. The 
main driver of land cover change is anthropogenic 
pressure. Our study shows the importance of a 
multi-temporal  approach  and  the  pertinence  of 
discrimination between the different pathways of 
change. 
The first-order Markov model used to explore future 
trends shows a slightly positive impact due to the 
increase in “Tree plantation” by 2025. However, this 
increase does not compensate for the loss of the 
natural woody vegetation cover. Policies regarding 
the  promotion  of  tree  planting  and  forest 
conservation  must  be  initiated  to  reverse  the 
evolution  described.  Another  challenge  is  to 
analyse  the  spectral  signature  of  an  important 
forest tree species, e.g., teak (Tectona grandis L.f) 
to permit its rigorous monitoring. 
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